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CHAPTERl. 
General Introduction 
Introduction 
Phenotype is the physical manifestation of the genetic information contained within 
an organism and the environmental conditions that surround it. The type of effects that 
environmental and genetic components have and the amount of importance they assume in 
composing the phenotype varies considerably from species to species and trait to trait. The 
initial period of life is a time during which these components may have a particularly great 
impact on the phenotypic development of an organism. Indeed, dramatic differences in 
phenotype may be seen between organisms of the same species developed under different 
environmental conditions and genetic architectures. 
The degree to which a trait is genetically determined largely influences its 
evolutionary response to selection. Thus, elucidating the relative contributions of the 
environment and genetic constitution to the phenotypic variance remains a major emphasis in 
microevolutionary research. Increasingly, the roles and extent of maternal effects are 
recognized as critical questions as well, because they can dramatically influence the 
dynamics of phenotype evolution beyond genetic effects alone. Isolating these maternal 
effects is therefore another valuable aspect of modern evolutionary research. 
Temperature is an environmental condition that can play a large role in eliciting 
phenotypic variation. In the embryonic development of oviparous animals, temperature 
plays an especially key role (reviewed in Deeming and Ferguson 1991). Temperatures 
within a species-specific range are necessary to ensure survival of developing eggs (e.g. 
Plummer et al. 1994), and temperature variance can have myriad pre- and post-hatching 
effects, including but not limited to: embryonic growth rate and time to hatching (e.g. Shine 
and Harlow 1996); utilization rate of egg components like yolk and albumen (Deeming and 
Ferguson 1991); final size of newborns and variety of other phenotypic traits (e.g. Janzen 
1993); ability in various performance trials (Webb et al. 2000). 
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In some groups of organisms, temperature is also the key factor in the determination 
of sex (Deeming and Ferguson 1991). For example, whereas mammals and birds have 
genotypic sex determination (GSD), with sex controlled by pairs of sex chromosomes (either 
XX/XY or ZW/ZZ), many reptiles exhibit temperature-dependent sex determination (TSD), 
in which egg incubation temperature determines offspring sex (reviewed in Deeming and 
Ferguson 1991). At least in turtles, TSD is presumed to be the ancestral condition based on 
phylogenetic reconstructions of turtle relationships, with GSD having arisen more recently in 
only a few lineages (Krenz and Janzen, unpublished results). 
Numerous studies have been undertaken in order to learn about specific effects of 
temperature (including TSD) on developing organisms. In reptiles, most earlier experiments 
concerning effects of temperature on egg development used series of constant temperatures 
in which to incubate eggs (e.g., Plummer et al. 1994). More recently, however, the findings 
of constant temperature studies have been called into question as possibly not accurately 
portraying what occurs in nature, as natural nests experience daily and seasonal fluctuations 
in temperature (e.g., Ashmore and Janzen in preparation). In reptiles, such variable 
temperature studies are limited, especially those that describing phenotypic effects in terms 
of no versus increasing variances (but see Shine and Harlow 1996, Shine and Elphick 2001, 
Ashmore and Janzen in preparation). 
Evidence pointing to the value of fluctuating-temperature studies can readily be found 
in the insect literature, however, where the effects of fluctuating temperatures on developing 
eggs has been much more thoroughly examined. In his review, Ratte (1985) described the 
many differences seen between fluctuating and constant temperature experiments. For 
example, in many species examined, hatching success rates under a regime of fluctuating 
temperatures around a mean were markedly different than rates for eggs reared at a constant 
temperature equal to the mean: at a low mean temperature (20°C), the success rate of the 
fluctuating temperature group was much higher (49-65%) than the constant temperature 
group (18%); at high mean temperatures, the effect was reversed and fluctuating 
temperatures resulted in higher mortality. Another study (Hagstrum and Milliken 1991) 
reviewed the literature and found that constant-temperature studies (used for developing 
degree-day field predictions) "poorly predicted" hatching times for seventeen insect species 
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incubated at a variety of fluctuating temperature regimes. With this evidence, studies that 
involve differing levels of temperature variance in other taxa appear worthwhile. 
However, temperature represents only one of many potential factors that may be 
involved in environmental phenotypic variation. Numerous other environmental factors, 
including water, humidity, surrounding vegetation and vegetative cover, and soil composition 
may also contribute to variation (Ackerman 1991). Further complicating matters, maternal 
effects also play an important role in developing organisms (reviewed in Mousseau and Fox 
1998). These effects can be either directly controlled by the mother or involve some 
consequence of maternal choice. 
Genetically, females directly affect offspring phenotype by passing on their 
chromosomes, along with those of a male (which in many species is chosen by the female). 
Resource-wise, females may allocate different amounts of various substances to developing 
follicles (Finkler and Claussen 1997), affecting a variety of offspring traits. In all egg-
bearing organisms, the selection of an oviposition site can also affect offspring phenotype. 
Specifically in TSD species, individual females have been shown to favor specific 
oviposition site conditions (e.g. temperature, vegetation cover) (Kolbe and Janzen, in press). 
These sites will be exposed to different thermal conditions, so females may have some 
control of sex ratios in their populations. 
The large number of possible factors involved in phenotypic variation makes it 
difficult to accurately examine any single factor. It would be easy to run a laboratory 
experiment where all variables save one were held constant, but then the "naturalness" of the 
experiment would be lost - the experiment would not reflect natural conditions and might 
provide poor answers, as the insect study above described (Hagstrom and Milliken 1991). If, 
on the other hand, experiments were performed under natural (field) conditions, multiple 
factors would be working together simultaneously and the individual contribution of each 
factor to measurable phenotypic variance would be indeterminable. To overcome these 
problems, and to examine individual effects of phenotype-affecting factors, a study organism 
whose life system makes it possible to minimize and disentangle these effects is needed. 
The smooth softshell turtle (Apalone mutica) is a highly divergent species of the turtle 
family, but it is well-suited to study the effects of environment and maternal effects on 
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offspring phenotype free of the complications described above. Softshell turtles are 
characterized by a host of unusual morphological, genetic, and physiological features (Ernst 
et al. 1994 ). In addition to the obvious physical differences between softshells and other 
turtles (e.g., the absence of a bony carapace in favor of a skin-covered back), softshells are 
one of the few turtle species with GSD. Under GSD, sex is determined at fertilization and is 
independent of environmental conditions like temperature (although temperature can affect 
non-sex phenotypic characteristics). 
In smooth softshell turtles, temperature is presumably one of the primary 
environmental factors that typically affects developing eggs. For example, external water 
often plays an important role in egg development of other reptiles (Leshem et al. 1991, 
Ackerman 1994). Typically, the movement of water into and out of the egg can have very 
significant effects on hatchling phenotype (Packard 1991, Shine and Harlow 1996). Smooth 
softshell turtles, however, lay rigid-shelled eggs that limit water permeability (Packard 1979, 
1981) and are therefore basically substrate-moisture insensitive (except perhaps in cases of 
extreme soil dryness, see Leshem and Dmi'el 1986, or when eggs are completely submerged 
for extended periods, see Ashmore and Janzen 2001). 
In general, the eggs of smooth softshell turtles minimize multiple environmental 
effects, making them a excellent model organism for studying the individual and combined 
effects of temperature and maternal effects on phenotype. Because eggs are insensitive to 
other environmental conditions, phenotypic variation can be quantified among smooth 
softshell hatchlings in terms of two main variables: 1) incubation temperature 2) maternal 
effects (genetic, physiological, and behavioral contributions). With only two main variables 
to consider in the development of smooth softshell turtle eggs, straightforward experiments 
can be designed to disentangle the influences of these two variables. 
Thesis Organization 
For my master's thesis research, I undertook two experiments with smooth softshell 
turtle (Apalone mutica) eggs, one in the laboratory and one in the field. In the laboratory, I 
used environmental chambers to establish six temperature regimes for 10 clutches of field-
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collected eggs: two constant temperature incubators (one at 28.5°C, the other at 32.5°C), two 
incubators fluctuating ± 2°C around each mean, and two fluctuating ± 4°C around each 
mean. These two means were set so that fluctuations around the mean cover the entire range 
of viable developmental temperatures (established by Plummer et al. 1994). By using two. 
mean temperatures, I was able to examine differences between both means and variances in 
their phenotypic effects on offspring. In order to distinguish between maternal effects and 
the effects of the temperature treatments, eggs from each field nest were evenly distributed 
throughout the six incubators. This experiment expanded on a recent study (Ashmore and 
Janzen in preparation), where only one mean temperature (30.5°C) was used. 
Although performing experiments in the lab meant that I could precisely control 
temperature conditions, I also wanted to study eggs that were allowed to develop in natural 
nests. In a separate experiment, I monitored eight nests at our field site using waterproof 
temperature loggers inserted into the nest cavity. For all nests, I performed cross-fostering 
transplants (or "reciprocal transplants") of eggs. Cross-fostering is the process of removing 
eggs from the natal nest and distributing them among a subset of nests (including the natal 
nest), facilitating the separation of environmental and maternal effects. In this experiment, I 
was able to quantify the impact of clutch in relation to natural nest temperature conditions 
and observe how much phenotypic variation was attributable to each. 
The following chapters describe in detail each of the two experiments I performed. 
These two experiments comprise Chapters 2 and 3, respectively. Chapter 4 discusses some 
general issues relevant to this research and offers suggestions for future study. 
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CHAPTER2. 
Thermal Ecology of Smooth Softshell Turtle (Apa/one mutica) Embryos: Disentangling 
The Phenotypic Effects of Means and Variances 
Abstract 
Temperature is a crucial but little-understood factor in the development of oviparous 
organisms. In the field, the eggs of many developing organisms are subjected to changing 
thermal environments; however, many previous studies have incubated eggs only at constant 
temperatures. To evaluate the phenotypic effects of different thermal means and variances, 
and to separate temperature effects from maternal effects, eggs from 10 clutches of smooth 
softshell turtles (Apalone mutica) were equally distributed among six temperature treatments: 
three each at a mean of 28.5 or 32.5°C, with ranges of± 0, 2, and 4°C. Body size, swimming 
performance and righting time of the resulting hatchlings were measured and evaluated. 
Consistent with much previous research, the cooler 28.5°C mean temperature treatments took 
longer to hatch and produced larger hatchlings for almost all size measurements, and clutch 
of origin had pervasive effects for almost all measurements. Contrary to previously-
published accounts, however, incubation temperature had no effect on swimming 
performance or righting response. Clutch of origin, on the other hand, was responsible for 
significant variation in average swim times, and righting time was significantly affected by 
hatchling mass. Different levels of thermal variance exhibited consistent effects only on 
incubation duration and change in egg mass. Altogether, these results suggest that thermal 
effects are complex and deserve further investigation. 
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Introduction 
Phenotype is the end result of a complicated amalgam of genetic, maternal, and 
environmental effects experienced by an organism during its development (Ackerman 1991). 
Because of the combination of effects involved in the natural development of a phenotype, 
describing a physical trait in terms of a single causative factor is a difficult challenge. In a 
laboratory setting, however, conditions can be controlled so that the effects of a single factor 
are made apparent free of interaction. 
Temperature can have great effects on phenotype. In the development of reptile 
embryos, experiments employing different temperature treatments have nicely documented 
various phenotypic effects (reviewed in Deeming and Ferguson 1991). The majority of 
previous controlled experiments concerning temperature and egg development in reptiles 
have relied on constant-temperature regimes (e.g. Janzen 1993, Plummer et al. 1994). In their 
natural setting, however, developing reptilian embryos experience temperatures that fluctuate 
daily, so the results of such constant-temperature treatments may not accurately convey the 
effects of natural conditions. Insect studies (e.g. Hagstrom and Milliken 1991 ), along with a 
few recent reptile studies (e.g. Flatt et al. 2001, Ashmore and Janzen in preparation), have 
used and shown the potential value of fluctuating temperatures in their experiments. 
However, the generality of phenotypic effects and the importance of fluctuating vs. constant 
developmental temperatures remain unclear. 
The smooth softshell turtle (Apalone mutica) is an excellent species to study the 
effects of temperature on phenotype. Mothers lay rigid-shelled eggs which, as the findings of 
much previous research suggest, generally act as a natural barrier to environmental factors 
other than temperature (Packard et al. 1979, 1981). Because only incubation temperature and 
maternal effects (genetics, physiology, behavior) can influence hatchling phenotype, other 
sources of variation are naturally controlled for in this system. Thus it is relatively easy to 
design experiments that disentangle the phenotypic effects of these factors. 
We devised a series of embryonic temperature treatments to examine the effects of 
both mean temperature and level of temperature variance on a variety of smooth softshell 
turtle offspring traits. In this experiment, we use an arrangement of two mean temperatures 
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and three levels of temperature fluctuation for each mean to evaluate change in egg mass, 
incubation length, size and mass at hatching, and ability in performance trials two days post-
hatching. By spreading eggs from individual clutches among all the treatments, we can 
statistically separate maternal effects from temperature effects. 
Methods and Materials 
Egg Collection and Treatment 
We identified 10 Apalone mutica nests at our study site on a Cedar River sandbar 
west of Muscatine, Iowa on 17-18 June 2001 by following tracks and searching for signs of 
nesting. All clutches of eggs were deposited within two days of collection, as indicated by 
track freshness and presence of either only a small chalk spot on the eggs or lack of a spot 
altogether (Janzen 1993). Eggs were exposed by carefully scooping sand from the top of the 
nest, removed one by one from the nest cavity, and then individually numbered with a 
permanent marker. Eggs were packed into foam coolers with sand from the nest for transport 
to environmental chambers at Iowa State University. Because river levels tend to change 
drastically at this location, distance of nests to the water were not recorded. 
Upon arrival, all eggs were brushed free of sand and weighed to the nearest 0.01 g 
("Initial Egg Mass"). Twelve eggs from each clutch were selected at random for this 
experiment (except for Clutch 9 which had only nine eggs, in which case all were used) for a 
total of 117 eggs. Two eggs from each clutch were then selected at random for placement 
into one of six temperature treatments that span the range of viable nest conditions: 28.5 ± 0, 
2, and 4 °C and 32.5 ± 0, 2, and 4 °C. These eggs were placed into plastic covered boxes filled 
with moistened vermiculite of equal water potential (300 g dry vermiculite, 337 g water= -
150 kPa) (Janzen et al. 1990). Each box was then placed into its pre-set environmental 
chamber in the evening of 18 June. During the study, a relatively constant water potential 
was maintained by weighing boxes weekly and adding water as needed. 
Temperature treatments were controlled by six Revco incubators, one set to each 
temperature regime. Additional chambers were not available to provide replication at the 
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treatment level; however, prior research in this (e.g. Janzen et al. 1995) and other labs (e.g. 
Packard and Packard 1993) documents that little if any variation in offspring phenotype is 
attributable to environmental chamber differences. Treatments with zero degrees of 
fluctuation around the mean were set to a constant temperature, while those with two or four 
degrees of fluctuation shifted temperatures on 12-hour cycles. Boxes were rotated weekly 
within incubators to minimize any potential thermal gradients. All incubator temperatures 
were periodically tested with an independent thermometer for accuracy. 
Incubation Duration and Hatching Success 
On 31 July (day 44 of incubation), eggs were briefly removed from their boxes, 
brushed, and reweighed ("Final Egg Mass"). Because A. mutica embryos tend to hatch 
rapidly following pipping (the initial cracking of the eggshell by the hatchling; Janzen, 
personal observation), bottomless plastic cups were placed around each egg at this time to 
assure identification of individuals as they hatched. Starting 1 August, boxes were checked 
three times daily (8 am, 2 pm, 8 pm), and pipping and hatching times were recorded as turtles 
emerged. In almost all instances, turtles were observed to hatch within a few hours of 
pipping, although a few took somewhat longer (12 hours), and in one instance, a turtle 
became stuck halfway out for approximately 24 hours before it was manually assisted and 
designated "hatched". Sixty-six of the 109 turtles that hatched (61 %) pipped between the 8 
pm and 8 am checks; in these instances, pip time was recorded as midnight, and hatch time 
was recorded as 8 am. Once completely hatched, a turtle was removed from its incubator 
box and placed into a cup lined with moistened paper towels. These cups were placed into 
covered sweaterboxes for temporary storage at room temperature (24.5-28.0°C). Eggs that 
were visibly undeveloped or that had not hatched by 1 September were dissected for 
evidence of development. Two eggs contained embryos that appeared almost fully-
developed, all others contained no visible evidence of development at the time of dissection. 
Body Size 
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Two days after hatching, turtles were brushed free of vermiculite and eggshell 
fragments, towel-dried and weighed on an electric balance to the nearest 0.01 g. Carapace 
length, carapace width at the widest point, and plastron length were measured to the nearest 
0.1 mm with a dial caliper. 
Performance 
Each turtle was subjected to two performance tests two days after hatching: 
swimming speed and righting time. Trials were conducted in the same room, with consistent 
lighting, and between 1200 and 1600h in attempt to minimize any temporal differences in 
activity. Room and water temperatures were recorded daily. These tests were performed 
simultaneously with tests for the Field Experiment (see Chapter 3) and turtles were tested in 
random order. 
Swim time trials were initiated immediately following the completion of 
morphological measurements. Each turtle experienced three trials, with a 30 min break 
between each trial. Time was measured with a stopwatch over a 1-m interval in a 1.2-m x 
0.08-m tough filled with carbon-filtered water to a depth of 2.5 cm. A 60 s limit was placed 
on each trial. Between trials, turtles were returned to their individual cups and re-covered. 
At the beginning of each trial, the turtle was placed into the trough behind the start line, then 
encouraged to swim with the use of a large pair of forceps. The forceps were used to 
simulate a bird beak and thereby encourage swimming by pecking the trough behind the 
turtle. Once a turtle was released into the trough, however, no physical contact was made 
between the forceps and the turtle. In a few instances, turtles refused to swim away from the 
"predator", occasionally even swimming towards it. In these cases, if the 60 s time limit 
expired, turtles were removed from the trough and no time was recorded for that trial. 
Following the completion of three swim trials, all turtles were given an additional 30 min 
break before righting trials were started. 
Righting trials were performed on a "flipping board" - a 24 x 24 cm board covered 
with 3M 423Q Wetordry™ sandpaper- for a constant-friction surface that simulated a 
hardened sandbar substrate (on slick surfaces, turtles are not able to easily right themselves). 
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The turtle was removed from its cup and held in the hand of the researcher. Once calmed, it 
was flipped over onto the board, the stopwatch starting as the carapace of the turtle touched 
the board. The watch was stopped when the turtle righted itself onto its plastron. Turtles that 
failed to flip in 60 s were righted manually, and no time was recorded for that trial. A 15 s 
break was allowed between each trial. 
Statistics 
All statistical analyses in this experiment were performed using the General Linear 
Models Procedure in SAS. For all values, least square means were found using both Proc 
GLM and Proc Mixed: the values were identical. For all analyses, ANCOV As were 
performed using temperature treatment as a fixed effect, and clutch and clutch-treatment 
interaction as random effects. For egg and hatchling measurement tests, initial egg mass was 
used as the covariate. For performance tests, we ran two ANCOV As for each performance 
test, using both carapace length and hatchling mass as separate covariates. In all tests, if the 
covariate was found to not be significant, it was removed and the analysis was rerun as a 
simple ANOV A. 
Results 
Eggs 
Clutch size for the ten nests in this experiment ranged from 9-23 eggs and averaged 
18.6 ± 3.7 eggs (N ±SD). Initial egg mass averaged 6.98 ± 0.48 g (g ±SD) and ranged from 
5.72 to 8.10 g (N = 117). Final egg mass (N = 117) ranged from 5.69-8.05 g and averaged 
6.94 ± 0.49 g. Final egg mass of viable eggs was 6.92 ± 0.50 (N = 109). Results for 
individual treatments are given in Table 1. Results by clutch are summarized in Appendix 1. 
Eggs in this experiment appeared to derive, on average, from larger clutches and were 
slightly larger in size than those observed for this same population of A. mutica in 1989, 1990 
(Janzen 1993) and 2000 (Ashmore and Janzen in preparation): clutch sizes of 14.0 ± 4.4 
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(1989), 13.1±3.2 (1990) and 13.5 ± 2.4 eggs (2000), and initial egg masses of 6.41±0.60 g 
(1989), 6.55 ± 1.07 g (1990) and 6.29 ± 0.50 g (2000), respectively. Mean initial egg mass 
and clutch size from this study were in fact both significantly larger than in the 2000 study ( t 
= 88.12, p < 0.001, and t = 3.2775, p < 0.005, respectively). 
Eggs experienced an average change in mass of -0.038 ± 0.035 g (g ± SD) during the 
course of incubation up until 31 July, just prior to hatching (N = 116). One egg had a 
recorded loss of -0.72 g and was excluded from this analysis, as this change was four times 
greater than any other egg in the experiment (about 20 standard deviations outside the mean). 
Change in individual egg mass ranged from -0.19 g to 0.04 g. Eggs in the 32.5 ± 2°C 
treatment averaged the greatest loss in mass (-0.073 ± 0.045 g), and eggs in the 28.5°C 
constant treatment lost the least (-0.023 ± 0.020 g) (Table 1 ). Change in mass was 
significantly affected by temperature treatment (p = 0.045) - each 32.5°C treatment had a 
larger decrease in mass than did its 28.5°C counterpart. Clutch of origin, clutch-treatment 
interaction, and initial egg mass had no significant effect on change in mass (p = 0.16, p = 
0.51, and p = 0.72, respectively). 
Average final egg mass for all viable eggs in this experiment was 6.93 ± 0.51 g 
(N=109). Final egg mass was significantly affected by initial egg mass (p = 0.0001) and 
temperature treatment (p = 0.0453), but not by clutch or clutch-treatment interaction. 
Hatching Success and Days to Hatch 
Hatching began on 3 August and lasted until 21 August. Eggs from naturally-
incubated field nests laid during the same period were also observed to hatch during this time 
(see Chapter 3). Of the 117 total eggs used in this experiment, 109 (93%) hatched. Hatching 
success ranged from 89.5% in the 28.5 ± 2°C, 32.5 ± 2°C, and 32.5 ± 4°C treatments to 100% 
in the constant 32.5°C treatment (Table 1). Hatching success was significantly affected by 
clutch of origin (p = 0.042) but not by temperature treatment, initial egg mass, or the clutch-
treatment interaction (p = 0.88, 0.10, and 0.08, respectively). 
Both temperature treatment and clutch, but not their interaction or initial egg mass, 
significantly affected incubation time (p < 0.0001, p < 0.0001, p = 0.62, and p = 0.61, 
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respectively). On average, eggs in the 32.5 ± 2°C temperature treatment hatched first (mean 
hatching days= 50.4), while eggs in the constant 28.5°C treatment hatched last (mean 
hatching days= 63.2) (Table 1). 28.5°C mean treatments took significantly longer to hatch 
than their 32.5°C counterparts. For both means, ± 2°C treatments hatched first, followed by 
± 4°C treatments. Constant temperature treatments took longest to hatch (Figure 1). 
Body Size 
Both clutch of origin and temperature treatment were responsible for significant 
variation in all four measures of hatchling size (Table 1 ). All measures of body size were 
also significantly affected by initial egg mass - larger eggs produced larger hatchlings. Size 
differences between the two mean temperatures were consistent - low mean temperature 
treatments yielded larger hatchlings for all four measures - but different levels of 
temperature variance within each mean temperature group produced no consistent patterns 
for the size measures (Figure 2). Also, there were no significant clutch-treatment 
interactions. 
Mass (two days post-hatching) for the 109 hatchlings in this experiment averaged 
5.05 ± 0.46 g (g ±SD) and ranged from 4.08 to 6.32 g. Hatchling mass was significantly 
affected by initial egg mass, temperature treatment, and clutch of origin (p < 0.0001 for each 
variable), but not by the clutch-treatment interaction (p = 0.44). 
The average carapace length was 37 .99 ± 1.43 mm (mm± SD) and ranged from 34.02 
to 41.50 mm. Carapace length was significantly affected by initial egg mass (p = 0.0007), 
temperature treatment (p < 0.0001), and clutch of origin (p < 0.0001) but not by their 
interaction (p = 0.31). Carapace length increased with increasing variance in 28.5°C 
treatments and decreased with increasing variance in 32.5°C treatments (Figure 2). 
Carapace width averaged 32.77 ± 1.13 mm and ranged from 30.20 to 35.5 mm. 
Carapace width was significantly affected by temperature treatment (p = 0.0017), clutch of 
origin (p < 0.0001), and initial egg mass (p < 0.0098) but not by the clutch-treatment 
interaction (p = 0.38). 
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Plastron length averaged 26.89 ± 1.12 mm and ranged from 24.50 to 29.8 mm. 
Plastron length was significantly affected by initial egg mass, temperature treatment, and 
clutch of origin (p < 0.0001 for each variable), but not by the clutch-treatment interaction ( p 
= 0.18) (Table 1). 
Performance 
The average swim time for all turtles in this experiment that performed in at least one 
of the three lm trials (N = 104) was 15.40 ± 9.82 seconds (mean± SD). Five turtles refused 
to perform in all three trials and were excluded from this analysis. Average swim time was 
significantly affected only by clutch (p < 0.0001). 
Average righting time of performing hatchlings (N= 108) was 1.27 ± 1.54 seconds 
(mean ± SD). One turtle was unable to flip in all 5 attempts and was excluded from analysis. 
Hatchling mass had a significant affect on righting time (0.0288) - larger hatchlings had 
slightly slower righting averages. Temperature treatment (p = 0.11), clutch (p = 0.22), and 
their interaction (p = 0.81) had no significant effects on righting time. 
Discussion 
Numerous studies have been undertaken to elucidate specific effects of temperature 
on developing organisms. In reptiles, most earlier experiments on egg development used 
series of constant temperatures in which to incubate eggs (e.g., Plummer et al. 1994). More 
recently, however, the findings of constant-temperature studies have been questioned in 
terms of their ecological relevance, because natural nests experience daily and seasonal 
fluctuations in temperature (Ashmore and Janzen in preparation). Studies using variable 
temperature schemes in reptiles are limited, however, especially those that attempt to 
describe phenotypic effects in terms of no, versus increasing, variances (but see Shine and 
Harlow 1996, Flatt et al. 2001). 
Evidence pointing to the value of fluctuating-temperature studies on embryonic 
development can readily be found in the insect literature. Ratte ( 1985) reviewed the 
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numerous differences detected between fluctuating and constant temperature experiments. 
For example, hatching success rates in many species under a regime of fluctuating 
temperatures differ markedly from rates for eggs reared at a constant temperature with an 
equivalent mean: at a low mean temperature (20°C), the success rate of the fluctuating-
temperature group was much higher (49-65%) than the constant temperature group (18%); at 
high mean temperatures, the effect was reversed. Another review (Hagstrum and Milliken 
1991) found that constant-temperature studies (used for developing degree-day field 
predictions) "poorly predicted" hatching times for 17 insect species incubated at a variety of 
fluctuating-temperature regimes. Given this evidence, studies of other taxa that involve 
differing levels of temperature variance should be pursued, especially where fluctuating 
temperatures are an ecologically relevant phenomenon. 
Like insect eggs, developing A. mutica embryos experience fluctuating temperatures 
in the field (Ashmore and Janzen, in prep., Chapter 3). In this experiment, we evaluated 
whether different levels of temperature variance, as well as different mean temperatures, 
might significantly affect development time, phenotype, and performance of smooth softshell 
turtles. By allocating eggs from individual clutches across all the treatments, we also could 
statistically separate maternal effects from temperature effects. In the end, we detected 
pervasive clutch effects on phenotypic variation. Temperature treatment also had many 
significant effects, but the impact of increasing thermal variance on phenotypic variation was 
not consistently apparent. 
Eggs 
Eggs in the lab experienced very little change in mass during this experiment (-0.038 
g on average). This is consistent with previous research on softshell turtle eggs (Packard et 
al. 1979, 1981), which showed that softshell turtle eggs tend to change little in mass at a 
variety of water potentials, and in all but the wettest incubation treatments tended to lose 
mass ( -5% maximum loss in mass in driest treatment). There was a consistent pattern for 
both mean temperature treatments in change in egg mass: ± 2°C treatments lost the most, ± 
4°C treatments lost an intermediate amount, and constant treatments lost the least (Table 1). 
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Interestingly, this was the same pattern seen for incubation length, where± 2°C treatments 
hatched fastest and constant treatments hatched slowest for both means. This suggests that 
incubating temperature variance can have significant, measurable effects on change in mass. 
However, although this effect was indeed significantly different between temperature 
treatments (p = 0.045), it was so small - hundredths of grams - that it likely had only small 
biological impact in terms of hatchling size or performance. Also, because the eggs in the 
28.5°C mean category took significantly longer to incubate (-10 days) than those in the 
32.5°C treatments, these eggs could have lost more water after the "Final Egg Mass" 
measurement was taken; however, our design did not allow us to assess this possibility. 
Eggs and clutch sizes were significantly larger in 2001 than in both 1989, 1990 and 
2000 (Janzen 1993; Ashmore and Janzen, in preparation). The reasons for these increases are 
unclear, however there are a few reasonable possibilities. Temperatures at the site stayed 
fairly warm until the beginning of November the year prior to this study; this long summer 
may have permitted females to eat more, allowing them to produce larger eggs and clutches. 
Alternatively, larger eggs and larger clutch sizes may indicate that there are more older 
females in the population, suggesting that the population may be larger and/or more mature 
now than it was in previous years. We are certain that we did not confuse any smooth 
softshell nests with any other turtle species nesting at the site - map turtles ( Graptemys spp.) 
lay oval eggs, and spiny softshells (Apa lone spinifera) lay eggs that are much larger ( 10-11 g 
total mass/egg) than any smooth softshell egg (Ernst et al. 1994). Whether or not these 
deviations from "normal" sizes were responsible for the inconsistency between our results 
and other previous research (Janzen 1993, Ashmore and Janzen in preparation) is unclear. 
Future years of study in this population will determine whether the increased sizes observed 
in 2001 are temporary or more permanent. 
Hatching Success and Days to Hatch 
Hatching success was relatively unaffected by the different temperature treatments. 
Plummer et al. ( 1994) reported that A. mutica eggs in their study failed to hatch at constant 
temperatures of 21, 24, 36, and 39°C. In insects, continual thermal fluctuations upwards into 
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the lethal range, even when the mean temperature was below the lethal range, yielded very 
high mortality (Ratte 1985). We therefore predicted that the 32.5 ± 4°C treatment would 
have a slight detrimental effect on hatching success, as the high end of this temperature 
regime - 36.5°C - is in the constant temperature "lethal range". However, this treatment 
yielded only two unhatched eggs, a number not significantly different than any other 
treatment. Thus the potentially detrimental effects of otherwise lethal temperatures were 
apparently compensated for by the fluctuation into lower temperatures. 
In this experiment, our fluctuating temperatures did not fall into the published lower 
lethal range per se. Plummer et al. (1994) reported that eggs failed to hatch at a constant 
21 °C and 24 °C and did hatch at 27°C - from this result we know that the lower limit of 
viable constant development lies between 24°C and 27°C. Janzen (1993) reported successful 
hatching at 26°C, further narrowing this range. Our lowest temperature reached 24.5°C (in 
the 28.5 ± 4°C treatment), and this treatment did not experience above-average mortality. 
Therefore, either our fluctuating temperatures did not actually reach the actual lower lethal 
range (which is somewhere between 26 and 27°C), or the fluctuations down into the lethal 
range were insufficient to have any effect (as in the fluctuations into the upper lethal range). 
Interestingly, Ratte ( 1985) observed that, in insects, dips into the lower lethal range did not 
have a very negative effect in terms of survival. Future experiments with higher amounts of 
fluctuation and greater expeditions into both lethal ranges could determine what amount and 
duration of temperature in the lethal range will produce the detrimental effects noted in 
constant-temperature experiments, much as similar experiments have been able to "titrate" 
sex in turtle species with temperature-dependent sex determination (Wilhoft et al. 1983). 
Although unaffected by temperature treatment, hatching success did vary 
significantly between clutches. In particular, clutch 3 contained a number of infertile eggs; 
only nine of the 12 eggs in this experiment hatched, and four eggs from this clutch used in 
other experiments also failed to develop (personal observation). Clutches with a number of 
"duds" are not particularly uncommon, so it is likely that the lowered success was due only 
to infertility and not to any aspect of the experiment. This result is further supported by the 
lack of visible development of the embryos inside unhatched eggs from clutch 3. 
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There was a very clear and significant difference between the two mean temperature 
treatments in terms of hatching time. As in many previous experiments, the higher mean 
temperature treatments hatched first (reviewed in Deeming and Ferguson 1991). Also, the 
pattern for hatching within each set of mean temperatures was consistent between the two 
mean temperatures: treatments with ± 2°C variance took the least time to hatch and zero-
variance treatments took the longest to hatch. This result is in contrast to that found in 
previous work, where at a mean of 30.5°C, developmental duration was shortest in the 30.5 ± 
2°C treatment and longest in the 30.5 ± 4°C treatment (Ashmore and Janzen in preparation). 
It appears that the relative influence of upwards and downwards thermal fluctuations are 
nonlinear, especially when compared between means, and thus are not simply described. 
Further research is required to better explain the effects of temperature variance. 
Eggs in this study took the same amount of time to hatch as did field-incubated eggs 
(see Chapter 3). This similarity suggests that the incubator temperatures were ecologically 
relevant and confirms that lab-based experiments can be constructed to accurately reflect 
"real-world" conditions, at least in terms of incubation temperature. Unfortunately, the 
clutch sizes were not large enough to use eggs from a single clutch into both experiments 
(Chapter 3), but future studies using a species with larger clutch sizes might be worth 
pursuing so that direct comparisons between the thermal effects of natural and lab conditions 
could be made. 
Body Size 
The lower temperature treatments took longer to hatch and produced, on average, 
bigger hatchlings for all measurements. This result is consistent with previous studies that 
developed turtle embryos at different constant temperatures (e.g., Steyermark and Spotila 
2001); however, the exact mechanism and implications of this pattern are not clear. Both 
temperature treatment and clutch yielded significant differences in terms of body size. 
Temperature variance, however, had no clear or consistent effect on measures of body size 
(Table 1), suggesting that mean temperature and clutch effects are much more important 
determining factors. 
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From this and previous research, it appears there may be a tradeoff between 
development time and hatching size. Eggs incubated under hotter conditions hatch sooner, 
allowing neonates to more quickly leave the nest cavity where they are defenseless from 
predation, flooding, etc, but at smaller size, potentially making them more susceptible to 
post-emergence predation (e.g. Janzen et al. 2000). Maternal nest-site choice therefore plays 
an important role in survival of hatchlings in a given year. For example, in years of late 
flooding or high predation, nests laid in hotter areas of the nesting site might have a higher 
chance of survival because they would develop faster and escape the nest cavity (where they 
are helpless) sooner. In drier years, hatchlings from cooler nest sites might be more likely to 
survive because they emerge larger and are less subject to some forms of predation (e.g., 
whole-prey swallowing). These ideas could be the focus of future research. 
Peiformance 
Clutch of origin had a significant effect on swimming speed in our study. This result 
was also found in previous studies (Janzen 1993) and suggests that some clutches are 
naturally better swimmers. Temperature treatment had no significant effect on swimming 
speed in this study, however, and no clear pattern associated with mean temperature or 
increasing temperature variance was detected. This outcome was in contrast to a similar 
experiment, in which greater temperature variance resulted in faster swim speeds (Ashmore 
and Janzen in preparation). Also, in Janzen (1993), swimming speed was positively 
correlated with temperature - turtles incubated at higher temperatures swam faster. 
Furthermore, no pattern was evident in swim speeds between the two means: in the 28.5°C 
treatments, the fastest average times were recorded by turtles from the high variance(± 4°C); 
in the 32.5°C treatments, turtles incubated at constant temperatures swam fastest. 
Righting time increased with increasing temperature fluctuation in 2000 (Ashmore 
and Janzen, in preparation), but in this study, we observed no significant pattern or trend in 
regards to temperature. Hatchling mass did have a significant affect righting time, however: 
heavier hatchlings righted slower. Other body size measurements were not significantly 
correlated with righting time, thus it may be that mass alone may affect the ability of 
22 
hatchling turtles to right themselves, and in cases of attack, being smaller may actually be 
better in terms of righting and escape. 
One major problem encountered during both performance tests was our inability to 
control room temperature. The majority of testing occurred during a week of particularly 
warm weather, causing room temperature in the experimental area to fluctuate between 25°C 
and 28.5°C. Especially when dealing with ectothermic organisms, warmer temperatures 
could greatly increase activity levels (e.g., O'Steen and Janzen 1999), causing any real trends 
present to have been obscured by an overlying effect of room temperature. Fortunately, upon 
checking for correlations between room temperature and performance, no significant effects 
were observed in this study. Nonetheless, future studies will take measures to ensure stable 
room temperatures. 
This line of experimental research continues to offer great promise. We were able to 
show that temperature variance, along with differences in thermal means, exerts some effects 
on phenotypic characteristics of hatchlings that may be related to fitness. Future studies that 
incorporate these findings and further probe the sources of phenotypic variation will increase 
our knowledge and further our understanding. 
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Figure 1. Incubation length for the 6 temperature treatments. 28.5°C mean treatments took 
significantly longer to hatch than their 32.5°C counterparts. For both means, ±2°C 
treatments hatched first, followed by ±4 °C treatments. Constant temperature treatments took 
longest to hatch. 
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Figure 2. Average body size measurements for turtles from each of the 6 temperature 
treatments. Hatchlings from the 28.5°C mean treatments were significantly larger than those 
in the 32.5°C mean treatments, but within each mean, no clear pattern of size change with 
increasing variance emerged. CL = carapace length, CW = carapace width, PL = plastron 
length. 
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CHAPTER3. 
Phenotypic Effects of Field Cross-Fostering on Smooth Softshell Turtle (Apalone 
mutica) Embryos: Separating Genetic Effects from Environmental Effects 
Abstract 
Variable environmental conditions, combined with intrinsic genetic variation, can 
produce substantial phenotypic variation in offspring from naturally-incubated eggs. 
Temperatures can vary dramatically among nests at the same site due to overstory shade, 
distance to water, nest soil composition, and slope aspect. The specific nesting location 
selected by a female may therefore prove to be very important for the fitness of her offspring. 
To evaluate the phenotypic effects of thermal differences between nests, and to separate 
temperature effects from maternal effects, a cross-fostering field experiment was performed. 
Eggs from eight clutches of smooth softshell turtles (Apalone mutica) - two blocks of four 
nests each - were equally distributed between all nests within a block. Near the end of 
incubation, eggs were collected from the field and hatched in the laboratory. Subsequent 
hatchlings from these clutches were measured, weighed, and evaluated based on swimming 
performance and righting time. Although both clutch and nest had some significant affects 
on measured traits, nest-clutch interactions were more pervasive. Further analysis showed 
that, in a number of these interactions, the eggs left in their original nest did "best" in terms 
of size or performance. This lends support to the idea that females actively select a nesting 
site that is most favorable for development of her offspring, and also had implications for 
conservation practices, specifically those in which eggs are removed from natural nests and 
incubated in nurseries. More investigation is needed, however, to more precisely describe 
the advantages of the natal nest. 
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Introduction 
Phenotype is the end result of a combination of genetic, maternal, and environmental 
effects experienced by an organism during its development. In oviparous (egg-laying) 
organisms, offspring develop externally, and successful development depends on proper 
environmental conditions being met (e.g. Plummer et al. 1994). Within the range of 
functional conditions, microhabitat differences between even nearby nests can yield 
substantial phenotypic variation (e.g. Packard et al. 1999, Weisrock and Janzen 1999, Shine 
and Elphick 2001). 
Developmental temperature can have great effects on phenotype (reviewed in 
Deeming and Ferguson 1991), especially in field conditions (e.g. Weisrock and Janzen 1999, 
Packard et al. 1999, Shine and Elphick 2001), as can clutch effects, which includes genetic 
and maternal choice components (Janzen 1993, Packard and Packard 2001, Steyermark and 
Spotila 2001, Chapter 2). For example, females undergoing oogenesis must "choose" how 
much yolk to allocate to each egg (Congdon and Tinkle 1982), and must locate a site 
appropriate for nesting (e.g. Kolbe and Janzen 2002). Females in some reptile species may 
play an active role in manipulating offspring phenotypes by choosing nesting sites favorable 
to a desired trait (Shine and Harlow 1996, Janzen and Morjan 2001). 
The smooth softshell turtle (Apalone mutica) is an excellent species with which to 
study the effects of temperature on offspring phenotype. Mothers lay rigid-shelled eggs 
which, as the findings of much previous research suggest, act as a natural barrier to 
environmental factors other than temperature (Packard et al. 1979, 1981). Because only 
incubation temperature and maternal effects can influence A. mutica offspring phenotype, 
other sources of variation are naturally controlled for. It is therefore relatively easy to design 
experiments that disentangle the effects of these factors on offspring phenotype. 
Cross-fostering, or reciprocal transplant, experiments have previously been used to 
separate the effects of clutch and environment in other turtle species (Packard et al. 1999, 
Packard and Packard 2000, 2001). Cross-fostering is the process of removing eggs from the 
natal nest and distributing them among a subset of nests (including the natal nest). We 
developed a similar cross-fostering experimental design in attempt to describe the phenotypic 
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effects of clutch and temperature. In this experiment, we crossed eggs from A. mutica 
clutches among the donor nest chambers, then allowed the eggs to incubate in the field. 
Change in egg mass, incubation length, size and mass at hatching, and ability in performance 
trials shortly after hatching were evaluated. By spreading eggs from individual clutches 
among all the nests (treatments), we could statistically separate maternal effects from 
temperature effects. 
Methods and Materials 
Nest Preparation and Cross-Fostering 
Four A. mutica nests were located at our study site on the Cedar River in Muscatine, 
Iowa, on 13 June 2001. Each nest location (henceforth designated "nest") was assigned a 
letter A-D; eggs within each nest were labeled with a corresponding clutch number 1-4 (eggs 
from nest A= clutch 1, B =clutch 2, etc.). Nests were carefully opened so as to leave the 
maternally-constructed nest cavity intact. All eggs were removed, and the nest cavity was 
covered to prevent excessive unnatural desiccation. Date of egg deposition was determined 
from the freshness of tracks leading to and from the nest and presence of either only a small 
chalk spot or lack of a spot altogether (Janzen, personal observation). All four nests 
appeared to be around 2 d old; deposition date was recorded as 11 June. 
Twelve eggs from each clutch were chosen at random for use in this experiment and 
were numbered 1-12. These eggs were weighed ("Initial Egg Mass") and placed into mesh 
bags in groups of three, and closed with a plastic tie. Leftover eggs from each clutch were 
weighed, labeled, and used in additional experiments (not described here). For cross-
fostering, bagged eggs from each clutch were placed into all four nest cavities, so that each 
nest contained a compliment of eggs from all four clutches. A waterproof Onset™ Optic 
Stow Away Temperature Datalogger was placed into each nest, on top of the bags of eggs. 
Loggers recorded nest temperature every 15 minutes for the duration of field incubation. 
Nest depth and depth to the top of the data logger were measured to the nearest centimeter. 
Cavities were re-closed, then covered with a wire mesh cage to deter predation. This process 
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was repeated on 14 June with four more nests (date of deposition: 13 June), lettered E-H (i.e., 
clutches 5-8), yielding a total of 2 experimental blocks, 8 nests, and 96 eggs. 
To precisely determine incubation length, eggs were removed from field nests just 
prior to hatching and returned to controlled conditions where hatching could be observed. 
Based on previous observations of incubation duration for this population (Ashmore and 
Janzen in preparation), we returned on 27 July 2001 to collect eggs. Once relocated, 
individual nests were photographed and nest protectors removed. A densiometer was used to 
determine overstory shade (Janzen and Morjan 2001). The top of the nest was exposed and 
depths to the top of the datalogger and to the bottom of the nest cavity were recorded again. 
Egg bags were carefully removed so as not to rotate individual eggs and were placed in 
plastic sweaterboxes filled with moist sand for transport. 
In the lab, six hours after removal from nests, eggs were removed from bags, brushed 
free of sand and debris and weighed to the nearest 0.01 g ("Final Egg Mass"). External 
appearance of each egg was noted, then eggs were placed into covered plastic boxes filled 
with moistened vermiculite of equal water potential (300 g dry vermiculite, 337 g water= -
150 kPa) in a 4 x 3 arrangement (Janzen et al. 1990). Because eggs were expected to begin 
hatching within a few days, bottomless plastic cups were placed around each egg in order to 
keep hatchlings separated. All boxes were placed into a Revco incubator set at a constant 
32.5°C to finish incubation. Boxes were rotated daily within the incubator to minimize the 
effects of any potential thermal gradients within the incubator. Approximately constant 
water potential was maintained by weighing boxes weekly and adding water as needed. 
Hatchlings 
Boxes were checked three times daily (8 am, 2 pm, 8 pm), and pipping and hatching 
times were recorded as turtles emerged. In almost all instances, turtles were observed to 
hatch within a few hours of pipping. For turtles that pipped between the 8 pm and 8 am 
checks, pip time was recorded as midnight and hatch time was recorded as 8 am. Once 
completely hatched, a turtle was removed from its incubator box and placed into a cup lined 
with moistened paper towels. These cups were placed into covered sweaterboxes for 
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temporary storage at room temperature (24.5-28.0°C). Eggs that were visibly undeveloped or 
that had not hatched by 1 September were dissected for evidence of development. 
Two days after hatching, turtles were brushed free of vermiculite and eggshell 
fragments, towel-dried and weighed on an electric balance to the nearest 0.01 g. Carapace 
length, carapace width at the widest point, and plastron length were measured to the nearest 
0.1 mm with a dial caliper. A relative measure of fitness for each hatchling was then 
determined using two performance tests: swimming speed and righting time. Trials were 
conducted in the same room, with consistent lighting, and between 1200 and 1600 h to 
minimize any temporal differences in activity. Room and water temperatures were recorded 
daily. These tests were performed simultaneously with tests for a concurrent lab experiment 
(see Chapter 2) and turtles were tested in random order. 
Swim time trials were initiated immediately following the completion of body size 
measurements. Each turtle experienced three trials, with a 30 minute break between each 
trial. Time was measured with a stopwatch over a I-meter interval in a 1.2-m x 0.08m trough 
filled with carbon-filtered water to a depth of 2.5 cm. A 60-second limit was placed on each 
trial. Between trials, turtles were returned to their individual cups. At the beginning of each 
trial, the turtle was placed into the trough behind the start line. Swimming was encouraged by 
pecking the trough behind the turtle with a large forceps, simulating a bird beak. Once a 
turtle was released into the trough, however, no physical contact was made between the 
forceps and the turtle. In a few instances, turtles refused to swim away from the "predator", 
and occasionally even swam towards it. In these cases, if the 60-second time limit expired, 
turtles were removed from the trough and no time was recorded for that trial. Following the 
completion of three swim trials, all turtles were given an additional 30 minute break before 
righting trials were started. 
Righting trials were performed on a "flipping board" - a 24 x 24 cm board covered 
with 3M 423Q Wetordry™ sandpaper- for a constant-friction surface (on slicker surfaces, 
turtles are not able to right themselves as easily) that simulated a sandbar substrate. The 
turtle was removed from its cup and held in the hand of the researcher. Once calmed, it was 
flipped over onto the board, the stopwatch starting as the carapace of the turtle touched the 
board. The watch was stopped when the turtle righted itself onto its plastron. Turtles that 
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failed to flip in 60 seconds were righted manually, and no time was recorded for that trial. A 
15-second break was allowed between each trial. 
Statistics 
All statistical analyses were performed using the General Linear Models (GLM) 
Procedure of the SAS software package. Least square means were calculated using Proc 
Mixed as well as Proc GLM: the values were identical. For all analyses, ANCOV As were 
performed using incubation nest, clutch, block, and clutch-treatment interaction as random 
model effects. For all egg and hatchling measurement tests, initial egg mass was used as the 
covariate. For performance tests, we ran two analyses for each performance test, using both 
carapace length and hatchling mass as separate covariates. In all cases, if the covariate was 
not significant, we removed it and reverted to ANOV A analysis. 
Results 
Nests 
All nests were located on open, nearly level sand substrate at the study site. 
Densiometer readings indicated little to no overstory shading for all nests (range 0-18%). 
Initial nest depths and logger depths were very similar between the two blocks (Table 1). 
Final nest depths were shallower in block 1 and deeper in block 2 than their respective initial 
measures (Table 1). 
All 8 data loggers functioned properly during field incubation, recording temperature 
every 15 minutes from 13-14 June to 27 July (46-47 d) (Appendix A). Nest temperatures 
ranged from 17-41°C in viable nests. Nest temperatures averaged 29.17 ± 4.81°C in block 1 
(excluding predated nest A, block 1=29.02 ± 4.00°C) and 28.26 ± 3.82°C in block 2. 
Examining the data plots reveals that nest A was predated on 16 July between 0330 
and 0345 h. Thereafter, the temperature logger was on the surface of the sand and recorded 
extreme fluctuations between day and night temperature, with surface temperatures climbing 
above 60°C during the day. Interestingly, these extreme daytime highs were largely 
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compensated by rapid drops in temperature after sundown: mean nest temperature for nest A 
was 29.63°C, only about 0.5°C higher on average than the next-warmest nest in block 1 (nest 
C, 29.17°C). 
Coefficients of variation (Sokal and Rohlf 1983) were calculated to determine if any 
nests experienced relatively larger amounts of variation than others. Nest A had the greatest 
coefficient of variation because of the high level of temperature variance experienced 
following predation and logger exposure. Otherwise, CV's were very similar, ranging from 
0.122 to 0.146 (Table 1). 
Eggs 
Initial egg mass for the 48 eggs in block 1 (nests A-D) was similar to that in block 2 
(nests E-H) (Table 1; p=0.445). These means are also nearly identical to the mean mass of 
eggs collected from the same site for a concurrently-performed laboratory experiment (see 
Chapter 2), but were substantially greater than past years' means from the same site: 6.29 ± 
0.50 g (2000) (Ashmore and Janzen in preparation), 6.41±0.60 g (1989), and 6.55 ± 1.07 g 
(1990) (both from Janzen 1993). Eggs in this study ranged in size from 5.90 to 8.04 g. 
Initial egg mass varied significantly between clutches (Table 2; p < 0.0001). 
Individual nest sites were subjected to a variety of conditions during their field 
exposure. Two nests appeared to have been temporarily covered with water early in the 
season (based on appearance of surface sand and/or data logger temperature information; e.g. 
nest Gin Appendix A). As many as five nests were repeatedly run over by All-Terrain 
Vehicles. Sixty-six (66) eggs (79% of the seven surviving nests) were cracked to some 
extent during incubation. One egg in nest D was punctured and was completely dry, so it 
was discarded. The cage on nest G had been exposed to a depth of approximately 6 cm, 
probably by flood waters. Nest A was entirely predated through the cage by an unknown 
predator and is therefore excluded from all subsequent analyses. 
Eighty-three potentially-viable eggs were recovered from the field. Final egg mass 
was slightly greater for block 1 than for block 2 (Table 1). Three eggs from block 2lost>1 g 
and were subsequently excluded from egg mass analysis (all were severely cracked, and none 
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hatched). Final egg mass was significantly affected by initial egg mass and the nest-clutch 
interaction (Table 5). For both blocks, final egg mass was strongly positively correlated with 
initial egg mass: R2 = 0.88, p < 0.0001 for block 1; R2 = 0.63, p < 0.0001 for block 2. 
Change in egg mass for all eggs averaged + 0.07 ± 0.35 g (not including the three 
eggs that lost > 1 g). Twenty-one (25%) eggs lost mass in the field, the rest gained. Eggs in 
block 1 gained slightly more mass during incubation than eggs in block 2 (Table 1). Eggs 
that hatched gained an average of 0.16 ± 0.18 g during their incubation in the field, while 
eggs that did not hatch changed by -0.17 ± 0.53 g (0.01 ± 0.22 if the three eggs with > 1 g 
loss are excluded). Initial egg mass and nest-clutch interaction both had significant effects on 
change in egg mass, whereas nest or clutch themselves did not (Table 5). 
Incubation Duration and Hatching Success 
Eggs from this experiment hatched from 9 to 24 August (13-28 days after removal 
from nests). Mean hatching time was 64.4 ± 2.3 d (range: 60-73) for all eggs. Eggs in block 
1hatched2 d sooner on average than eggs in block 2 (Table 1). Eggs placed in nest B 
hatched fastest (62.5 ± 1.6 days); eggs in nest G hatched last (69.8 ± 3.4). Only nest 
significantly affected incubation length (Table 5). Incubation duration was strongly 
correlated with mean nest temperature (Figure 1) - eggs from warmer nests hatched faster. 
We used data from previous studies (Janzen 1993, Balk et al. unpublished, Ashmore 
and Janzen, in preparation, Chapter 2) on smooth softshell turtles from the study population 
incubated at constant temperatures to determine constant-temperature equivalent values 
(Figure 2). A given mean nest temperature was substituted into the laboratory-based 
regression equation to yield a constant-temperature equivalent for that nest. Because mean 
nest temperatures did not vary greatly, CTE's for all nests were very similar, ranging from 
27.12 to 28.36°C (Table 1). These values are used below to more directly compare our field 
results to those obtained in constant-temperature lab studies. 
Sixty of the 83 eggs returned from the field in this experiment yielded successful 
hatchlings, 30 in each block. Hatching success varied considerably between both nests and 
clutches (Tables 1 and 2). Only nest C yielded 100% hatching of its assortment of eggs; 
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hatching in other nests ranged from 33.3-83.3%. Nest A was completely predated in the 
field. Nest hatching success was strongly positively correlated with mean nest incubation 
temperature (Figure 3) and slightly negatively correlated with final nest depth (Figure 4). 
No clutches recorded 100% hatching success. In block 1, this was impossible 
because of the destruction of nest A. However, all eggs from clutch 3 hatched in the three 
non-predated nests. In block 2, the highest hatching percentage was 83.3% in clutches 5 and 
8 (Table 2). Clutch 7 exhibited unusually low hatching success - only 4 out of 12 (25%) 
hatched. 
Offspring Traits 
Hatchlings were slightly heavier, longer, and wider in block 1 than in block 2 (N=30 
for both) (Table 3). Only hatchling mass was significantly affected by initial egg mass and 
clutch (Table 5). Hatchling mass, carapace length and carapace width differed significantly 
among nests (Table 5). Clutch-treatment interaction significantly affected only carapace 
length. Plastron length was not significantly affected by any variable tested. In general, 
larger hatchlings were produced in nests with warmer mean incubation temperatures (Figures 
5 and 6). 
Average swim times were calculated for hatchlings based on their performance in 
three trials. No swim time was recorded in a given trial for any hatchling that failed to 
perform or did not complete the 1 m distance in 60 s. Two turtles from block 1 failed to 
perform in all three trials; no data were recorded for them. Block 1 turtles (N=28) swam 
slightly faster than block 2 turtles (N=30) (Table 3). Swim times ranged greatly in both 
blocks: 5.17 to 28.83 s in block 1 and 5.81 to 46.88 sin block 2. Average swim time was 
significantly affected only by the clutch-treatment interaction in both ANCOV As (Table 5), 
and in general tended to decline with increasing nest temperatures (Figure 7). 
Righting times were somewhat more consistent. One turtle failed to perform in all 
five flip trials in block 1. Hatchlings took slightly more time to right themselves in block 1 
(N=29) than in block 2 (N=30) (Table 3). Righting time was significantly affected only by 
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the clutch-treatment interaction in both ANCOV As (Table 5). Righting time tended to 
increase with increasing nest temperatures (Figure 8). 
Discussion 
In this experiment, we attempted to separate maternal behavior effects (i.e. nest-site 
choice) from yolk allocation/genetic effects - more simply, to separate temperature effects 
from clutch effects. This is an essential area of research, most importantly because it is very 
difficult (if not impossible) to do with many organisms in the field, given the number of 
environmental interactions that can take place. A concurrently-run experiment in the lab 
(Chapter 2) pursued a somewhat similar goal, in that clutches were distributed across 
treatments with different thermal means and variances controlled by incubators. In the 
present experiment, nests were subject to basically the same local environmental conditions, 
but temperatures in the chamber of the specific nest-site location selected by the female 
varied based on overstory shade, closeness to water, depth, etc. 
In the end, clutch of origin and nest temperature, along with initial egg mass, each 
elicited some significant effects on developing embryos and offspring. Of particular note, 
nest-clutch interactions significantly influenced a number of egg and offspring traits, the 
implications of which are discussed below. 
Eggs 
Eggs experienced very little change in mass in the field during this experiment, 
gaining on average 0.07 ± 0.35 g. This finding is consistent with previous research on 
softshell turtle eggs (Packard et al. 1979, 1981), in that our that such eggs tended to change 
very little in mass. However, the average gain in mass observed in the field contrasts with a 
concurrently-run lab experiment (Chapter 2) and both Packard studies (also performed in the 
lab), in which eggs averaged a small loss in mass (-0.038 g in Chapter 2, maximum 5% loss 
in Packard et al. 1979). 
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Packard et al. (1979) predicted that field-incubated eggs, as they have little contact 
with the actual nest substrate (usually sand), will not be able to gain any water from the 
environment and generally will decline in mass. Packard et al. (1981) tested this prediction, 
incubating softshell turtle eggs in simulated nest conditions. Eggs lost mass in their 
simulated study, yet our field data show a clear trend in the opposite direction. 
Why the difference? One possible intriguing idea comes from the fact that field eggs, 
at least in this experiment, were subject to a high degree of cracking while in the nest 
chambers - 79% of field eggs showed at least some cracking on the outer, hard shell. Some 
of the cracking was probably caused by ATV traffic, but eggs in nests that did not appear to 
have been driven over also were cracked. This cracking may have allowed for some water 
exchange that normally could not occur through the rigid eggshell. Alternatively, settling of 
the sand substrate during incubation, exacerbated by A TV traffic, may have brought more 
sand into contact with the egg, allowing more water transpiration to occur. Either way, this 
gain in mass might be important to survival in the field. This hypothesis is supported by the 
fact that viable eggs gained an average of 0.16 ± 0.18 g over their incubation in the field, 
while eggs that did not hatch changed by -0.17 ± .53 g (0.01 ± .22 if the three eggs with> lg 
loss were excluded). 
Eggs in block 1 gained significantly more mass than eggs in block 2. This effect 
could be the result of different conditions within the nests, or alternatively might be 
temperature-based- block 1 averaged warmer incubation temperatures (with or without the 
inclusion of data from predated nest A) (Table 1). The bottom line is that different 
experimental incubation strategies (lab vs. field) can have small but noticeable effects on 
softshell turtle eggs. Further study is warranted to better understand the subtleties of 
differing incubation strategies. 
Incubation Duration and Hatching Success 
Incubation length was, as expected, strongly correlated with mean incubation 
temperature (Figure 1 ): the warmest nests hatched fastest. Hatching success also varied 
greatly between nests and was positively correlated with mean nest temperature (Figure 3). 
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This correlation was somewhat surprising, given that all of the mean temperatures were well 
within A. mutica's viable range (Plummer et al. 1994). We included nest Gin this figure, 
and although flooding may have reduced hatching success, being under water also lowered 
the mean nest temperature - the lower nest temperature is in part an indication of inundation. 
Hatching success was not strongly correlated with final nest depth, however (Figure 4 ), but 
mean nest temperature did tend to decrease with increasing nest depth (Table 1 ). 
Based on our observations at the field site, most of these nests would not have 
survived without the nest protectors. Even avoiding predation, nests that were run over 
repeatedly by ATV' s had eggs that were more damaged than other nests and yielded fewer 
hatchlings. In nest G, flooding of only 2-3 days reduced hatching success to 33.3%. 
Interestingly, three of the eggs that did hatch from nest G were from the same clutch, 
suggesting that there might be some among-clutch variation in flood survivability. 
Constant temperature equivalents were calculated in order to compare our naturally-
fluctuating nest temperatures to the volume of previously-published constant temperature 
studies. Our method for calculating constant temperature equivalents was different than that 
previously published, however (Georges 1989, Georges et al. 1994). We calculated CTEs 
(Table 2) using a regression line equation constructed from constant temperature incubation 
durations found from A. mutica eggs from the same population (Janzen 1993; Balk et al. 
unpublished; Ashmore and Janzen in preparation; Chapter 2). The Georges method takes 
into account the fact that, below a certain incubation temperature, development for the most 
part ceases. In his experiments (Georges et al. 1994), fluctuating temperatures were a 
controlled variable, so that the amount of time eggs spent at non-developmental temperatures 
was known. In our study, however, the complex nature of the day-to-day fluctuations in the 
field made this method difficult to replicate, especially since the exact temperature at which 
development ceases in A. mutica is not known. Our simpler method was therefore used as an 
estimation. 
In general, each CTE was about 0.5°C cooler than the mean incubation temperature 
for that nest (Table 1). Also, constant temperature equivalents were highly correlated with 
mean nest temperatures (R2=0.77, Figure 9). We tried using CTEs in place of mean nest 
temperatures for correlations with hatchling mass, swim time, flip time, etc., but these proved 
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to be no more predictive than their associated means. In this study at least, CTEs did not 
prove particularly useful. 
Why? CTEs were originally developed because sex ratios in temperature-dependent 
sex determined (TSD) turtle species were poorly predicted by mean nest temperatures in 
fluctuating-temperature conditions (Georges 1989, Georges et al. 1994). A. mutica is one of 
the few species that exhibits genetic sex determination (GSD), so temperature is not a factor 
in the outcome of hatchling sex. In our experiment, we focused on other phenotypic 
measures which, based on some more recent research (Chapter 2, Ashmore and Janzen in 
preparation), are fairly well-predictable by mean temperature, even when fluctuating 
incubation temperatures are used. Future use of CTEs might therefore be restricted to studies 
examining hatchling sex in TSD species. 
Offspring Traits 
We also expected that body size measures would be strongly correlated with mean 
nest incubation temperature. In the past, general knowledge has been that turtles from cooler 
incubation temperatures tend to take longer to hatch and are significantly larger at hatching 
than turtles from warmer incubation temperatures (e.g. Chapter 2, Deeming and Ferguson 
1991). Hatchling mass and body size measurements in this field experiment were fairly 
strongly correlated with mean nest temperature. However, warmer nests produced larger 
offspring based on all size measures (Figures 5 and 6). This result is consistent with some 
prior research on A. mutica (e.g. Janzen 1993), but in contrast to other work on this species 
(Chapter 2). What this finding means in the larger realm of temperature and development is 
unclear, but further study is certainly appropriate. 
We had expected that individual factors alone would have affected performance. 
However, only clutch-treatment interactions had significant effects on swimming and 
righting times in this experiment (Table 5). Figures 7 and 8 show that, while trends were 
present, incubation temperature alone accounted for little of the variation seen in both 
performance trials. 
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In general, as noted previously, the number of significant nest-clutch interactions 
(seven out of 11 ANCOV As performed) was surprising: final egg mass, change in egg mass, 
carapace length, and all four performance test ANCOVAs had significant nest-clutch 
interactions (Table 5). This suggested that a combination of factors were at play - while the 
individual factors were usually not significant, their combined effect apparently was having a 
large effect. This prompted further exploration. 
Looking at the least square means for tests with significant interactions, eggs of the 
clutch that were left in their original nest often tended to do better than eggs that were 
transplanted in from other nests. Also, eggs of a clutch left in their natal nest tended to do 
better than their siblings transplanted to different nests. Both of these suggest that female 
turtles might actively select a nest that is most favorable for its offspring and may have many 
implications for future research studying maternal nest-site choice. We are currently 
analyzing data and preparing future experiments which will better address this idea. 
Some minor adjustments will reduce potential complications in future experiments. 
One problem encountered during both performance tests was our inability to control room 
temperature. During a week of particularly warm weather during testing, room temperature 
in the experimental area fluctuated between 25°C and 28.5°C. Although no significant 
correlations between mean room temperature and performance were found, this lack of 
control nonetheless represents a problem that must be solved in future work, especially when 
ectothermic organisms are involved. In the future, work will be performed in rooms with 
independent climate control to eliminate potential room temperature effects. 
Field experiments offer tremendous potential to elucidate the mechanics of natural 
systems, but with this opportunity also comes great risk. Large components of projects can 
be eliminated by uncontrollable or unforeseen circumstances: weather (Ashmore and Janzen, 
in preparation), predation (Plummer et al. 1994) and disruption by humans are just a few of 
these factors. Our study was no exception. From our data loggers, we know that Nest G was 
submerged by rising river levels for a few days, decreasing egg survivorship. Nest A was 
predated despite our efforts to protect nests from destruction. Careless ATV drivers did 
serious damage to some of our eggs, and to countless more on the sandbar. Nonetheless, 
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such experimental field studies are critical to learning about natural systems and must be 
continually pursued despite setbacks. 
This line of research offers continued promise. Further studies with larger sample 
sizes and more blocks may yield more detailed results, and increased efforts to control 
predation and keep recreational vehicle traffic restricted to approved areas will aid future 
projects. 
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Figure 1. Mean incubation length decreases with warmer mean incubation temperatures. 
Data from the seven surviving nests are shown. The high R2 value indicates that more than 
75% of variation in hatching time is caused by mean incubation temperature. 
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Figure 2. Data pooled from 4 previous studies incubating A. mutica eggs at constant 
temperatures (Janzen 1993; Balk et al., unpublished; Ashmore and Janzen, in preparation; 
Chapter 2). All eggs were collected from the same population. Constant-temperature 
equivalents were calculated from the line equation (data in Table 1). 
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Table 5. Summary of statistical tests performed in this experiment. 
Dependent Variable Test Factor F Value Pr> F 
Final egg mass init. egg mass 126.36 0.0001 * 
block 2.64 0.1605 
nest 1.83 0.1662 
clutch 1.80 0.1594 
nest* clutch 1.88 0.0467* 
Change in egg mass init. egg mass 4.39 0.0408* 
block 2.64 0.1605 
nest 1.83 0.1662 
clutch 1.80 0.1594 
nest* clutch 1.88 0.0467* 
Incubation length init. egg mass 0.19 0.6638 
block 2.99 0.1332 
nest 8.52 0.0007* 
clutch 2.15 0.1027 
nest* clutch 1.31 0.2601 
Hatch ling mass init. egg mass 15.16 0.0004* 
block 1.29 0.2906 
nest 4.22 0.0144* 
clutch 2.98 0.0357* 
nest* clutch 1.19 0.3305 
Carapace length init. egg mass 2.10 0.1561 
block 0.29 0.6137 
nest 4.18 0.0180* 
clutch 1.32 0.3137 
nest* clutch 3.94 0.0008* 
Carapace width init. egg mass 0.91 0.3468 
block 0.24 0.6430 
nest 3.46 0.031 O* 
clutch 1.17 0.3698 
nest* clutch 1.60 0.1392 
Plastron Length init. egg mass 1.86 0.1818 
block 0.30 0.6101 
nest 2.06 0.1316 
clutch 1 .12 0.3933 
nest* clutch 1.41 0.2075 
Avg. swim time carapace length 3.05 0.0903 
block 2.44 0.2436 
(using carapace nest 1.12 0.3931 
length as covariate) clutch 0.80 0.5825 
nest* clutch 2.36 0.0264* 
Avg. righting time carapace length 0.03 0.8608 
block 1.12 0.3837 
(using carapace nest 1.66 0.2093 
length as covariate) clutch 0.56 0.7578 
nest* clutch 2.33 0.0274* 
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Avg. swim time hatchling mass 0.27 0.6029 
block 2.14 0.2989 
(using hatchling mass nest 1.04 0.4352 
as covariate) clutch 0.65 0.6898 
nest* clutch 2.05 0.0517* 
Avg. righting time hatchling mass 1 .61 0.2140 
block 2.64 0.2555 
(using hatchling mass nest 1 .19 0.3632 
as covariate) clutch 0.60 0.7288 
nest* clutch 2.54 0.0170* 
* = p < 0.05 
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Nest C (Logger 3) Temperature Data 
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Nest E (Logger 5) Temperature Data 
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Nest G (Logger 7) Temperature Data 
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CHAPTER4. 
General Conclusions 
This study has been of great value to myself, and more importantly, I believe the 
results herein will stand as a valuable contribution to the field. Both data chapters are being 
prepared for submission to peer-reviewed journals so that the information contained within 
will be available for the scientific community at large. This chapter is laid out as both a 
reflection on this completed body of work and as a guide for possible future experiments. 
It should be noted before beginning that, while these two experiments are strongly 
complementary, each focused on different parts of a bigger picture of providing insight into 
phenotypic evolution. Because the eggs came from different clutches, the results from the 
two studies cannot be directly compared,. In the future, of course, it might be worthwhile to 
run simultaneous lab and field experiments, using eggs from the same clutches in both 
incubation environments. This idea is discussed below. 
General Discussion 
One of the most striking things in this project was the observation that, for change in 
egg mass, lab-incubated eggs lost a small amount of mass, while field eggs gained slightly. 
In both cases, the amount of change was not very large, but for one average to be positive 
and one to be negative suggests that there might be something different about the incubation 
environments that actually has an effect on egg water permeability. Unfortunately, this is 
difficult to say for sure because so many of the field eggs were cracked, possibly breaking 
the mostly-waterproof barrier offered by the hard egg shell (Packard et al. 1979, 1981). 
Also, the question of whether a change in mass of a few hundredths of a gram in either 
direction has any real biological relevance must be addressed. Nonetheless, the idea itself is 
intriguing and deserves exploration. Some experiments to test for this are suggested below. 
We already know some things about different temperature treatments and their effects 
on change in egg mass for A. mutica eggs. In Chapter 2, eggs incubated at the higher mean 
temperature lost more mass than their lower mean temperature counterparts. Since moisture 
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levels and substrate were held relatively constant in the lab, this result suggests that warmer 
temperatures alone can affect change in mass. Whether this change in mass is due to water 
loss (egg perspiration) or increased respiration of waste products across the membrane is 
unclear, but future studies might be able to make this determination. 
In terms of conservation of this species, our experiments helped quantify some 
phenomena which we had casually observed on previous occasions. First, predation at this 
site remains extremely high. While looking for eggs, the number of destroyed nests in the 
field greatly outweighed the number of undisturbed nests. It is unknown whether this is a 
historical trend, but at present the level of predation at this site was extremely high. For each 
nest we found, four or five destroyed ones were seen, not only for A. mutica but also for the 
various species of map turtles (Graptemys spp.) that nest there. Also, that one of our caged 
nests was predated suggests that the ratio of predators to available food in the area is quite 
large - why waste time digging up and reaching through a reinforced, anchored mesh cage 
when other food was readily available? 
Observations at other field sites indicate that the summer of 2001 was severe in terms 
of predation. At a site in Thomson, Illinois, well over 90% of all observed painted turtle 
(Chrysemys picta) nests were destroyed (Janzen, personal communication). Again, it is 
difficult to say whether such extreme levels of predation are natural or a result of increasing 
habitat fragmentation, encroachment by humans, etc., but the long-term implications of 
overall low reproductive success in 2001 for these populations of turtles could be serious. 
Recommendations for Future Research 
The first thing that must be done is to address the problem of fluctuating room 
temperatures during lab incubation and performance testing. In an effort to cut expenses, 
power usage at our building was limited during this time, and climate control features 
normally used were inoperative. This caused temperature in the room to change fairly 
drastically, which had a definite effect on the incubators. Luckily, those were observed on a 
daily basis and adjusted as necessary. Unfortunately, this problem carried over from the 
incubation phase into the performance testing phase, where the impact could have been much 
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greater. As previously mentioned, turtles are ectothermic and tend to be more active at 
higher temperatures. In theory, this could have caused turtles tested on warmer days to score 
better in performance tests. Although we did not observe significant correlations between 
room temperature and performance (swimming and righting times), the problem remains a 
serious one, one that must be remedied in the future, lest other experiments be put in 
jeopardy. 
Because so many eggs were cracked in the field study, we were unable to rule out the 
possibility that the cracking itself had something to do with the average gain in mass seen in 
field-incubated eggs. To address this issue of cracking more directly, it would be interesting 
to do a lab experiment in which intentionally-cracked eggs were used. For example, clutches 
of eggs could be separated into two groups: cracked and uncracked. These clutches could be 
incubated at different temperature treatments, each treatment containing a mixture of cracked 
and uncracked eggs from all clutches used. In this manner, we might expect to see the 
uncracked eggs lose mass, as they did in the Chapter 2 lab experiment, and the cracked eggs 
to gain mass, as was observed in the field experiment of Chapter 3. Alternately, all the eggs 
might lose mass, regardless of cracking, indicating that it is in fact the incubator treatment or 
incubating substrate that is responsible. Either way, this experiment would yield interesting, 
informative results. 
How eggs would be cracked must be determined; however, a method is proposed 
here. When nests are found in the field for collection, a downward force similar to a passing 
ATV could be applied to the sand above the nest. Some practice may be required to perfect 
this technique, and it is suggested that gradually increasing forces are used to keep from 
destroying eggs. Only light cracking of the outer hard egg shell is required. Also of interest 
is whether A. mutica eggs crack "naturally" in field conditions (i.e., without being run over or 
stepped on); this should also be investigated. 
As mentioned above, A. mutica clutch sizes were not large enough to allow us to use 
the same clutches in both the field and lab experiments. Had we been able to do so, we 
would have been able to make a number of direct cross-study comparisons. These 
comparisons could prove extremely valuable and should be pursued, however a different 
species would have to be used in order to have enough eggs to do this, both in terms of 
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feasibility and statistical minima. The spiny softshell turtle, Apalone spinifera, has slightly 
larger average clutch sizes (Ernst et al. 1994) and might be one candidate species. 
A. mutica eggs are hard-shelled and react very differently to their environment than 
do many other turtle species with soft eggshells. Also, A. mutica is one of the few 
genetically sex-determined (GSD) turtle species, in contrast with most other turtle species, 
which exhibit temperature-dependent sex determination (TSD). One exploratory experiment 
that might be of interest involves multi-species cross-fostering. For example, it would be 
highly interesting to swap A. mutica and snapping turtle (Chelydra serpentina) eggs across 
nests. They often share similar habitats, but their nesting and egg characteristics are very 
different, thus performing cross-fostering between species might further be able to explain 
clutch (genetic) and nest site effects on hatchlings. It must be noted, however, that since C. 
serpentina or other potential cross-species candidates have soft eggshells, water movement 
across the eggshell becomes a problem not relevant when conducting experiments using A. 
mutica eggs. 
Much of the material presented in the previous chapters focused on size and speed 
measurements. In both chapters, one of the implicit assumptions was that these 
measurements might somehow be related to the fitness of the individual, specifically in terms 
of correlation with real-world survival. For example, one might predict that larger or faster 
hatchlings might fare better in terms of survival. To test this prediction, controlled release 
experiments could be carried out in the future as an extension of current research. 
Plans for such experiments have already been developed. Following performance 
testing, hatchlings would be returned to their homes and "released" into a field enclosure that 
straddles the river/beach interface, an area frequently used by A. mutica hatchlings, 
especially following their initial departure from the nest cavity (personal observation). The 
enclosure would then be left undisturbed from approximately one week, allowing predation 
(selection) to occur. Surviving hatchlings would be collected at the end of the week, re-
identified, and released. From survivorship data, correlations could be drawn between 
survival and the various body size and performance measures. 
Although we know that this design works in principle, previous years' attempts have 
encountered difficulties. In one attempt, the marking technique used to identify hatchlings 
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was found to itself have a significant effect on hatchling survival. The next year, flooding at 
the field site covered the enclosure and potentially allowed some hatchlings to escape. These 
setbacks were frustrating but informative, and we have developed strategies to overcome 
these past difficulties. If successful, such experiments could produce valuable data and 
should be pursued. 
The smooth softshell turtle shows tremendous potential as a model organism in the 
study of the effects of temperature in egg development. These studies have answered some 
questions, but as is often the case, have posed many more. Future experimentation will no 
doubt give us a more complete understanding of the issues addressed herein. 
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